D. Understand the timing and pattern of peripheral and central outgrowth and target innervation of DRG cell processes (Jackman and Fitzgerald 2000; Wang and Scott 2000) . Know that from the outset each DRG innervates characteristic skin dermatomes and projects in a precise somatotopic pattern in the dorsal horn using a number of extracellular molecular cues (Dickson 2002) . Understand that DRGs are not matched to particular skin targets and that while the peripheral target skin influences the pattern of central nervous system projections, it does not direct cutaneous axons to specific populations of neurons in the dorsal horn (Wang and Scott 2002) . Know that skin is initially hyperinnervated and that the exuberant epidermal innervation gradually retracts with postnatal age (Jackman and Fitzgerald 2000; Peters et al. 2002) .
E. Understand the process of postnatal physiological maturation of nociceptors and other cutaneous sensory terminals. Know that changes in conduction velocity of afferent fibers, action potential shape, receptor transduction, firing frequencies, and receptive field properties take place over the postnatal period (Fitzgerald 1987b; Fitzgerald and Fulton 1992; Koltzenburg et al. 1997; Woodbury and Koerber 2003) .
F. Know that many channels, receptors, and neurotransmitters expressed by DRG cells are developmentally regulated (Alvares and Fitzgerald 1999) , such as vanilloid (TRPV1) receptors, TTXresistant Na channels, and opioid receptors (Beland et al. 2001; Benn et al. 2001; Guo et al. 2001) , and be aware of the potential functional consequences of such regulation.
III. The development of central dorsal horn mechanisms
A. Know that the postnatal period is a time of considerable synaptic growth and reorganization in the dorsal horn of the spinal cord. Be aware that some immature A fibers extend dorsally up into laminae II and I, a feature that is not seen in adults, and that over the first three postnatal weeks these fibers gradually withdraw to deeper laminae (Beggs et al. 2002; Woodbury and Koerber 2003) . Understand that C fibers grow specifically to laminae I and II (Fitzgerald 1987a) , and so for a considerable postnatal period these laminae are occupied by both A-and C-fiber terminals. Understand that this postnatal laminar reorganization of primary afferent terminals involves a competitive interaction between A and C fibers (Torsney et al. 2000) and is an NMDA-mediated, activity-dependent process (Beggs et al. 2002) .
B. Know the pattern and timing of the birth and maturation of projection neurons and interneurons in the dorsal horn, and be aware that projection neurons are born and mature in advance of local interneurons (Altman and Bayer 1994; Bice and Beal 1997a,b) . Know that the neurogenesis of supraspinal projection neurons depends upon axon length such that neurons with the longest axons projecting to rostral brain centers complete neurogenesis before neurons with shorter axons, which project only to the caudal brainstem (Bice and Beal 1997a,b) . Understand that the specification of these neurons is under homeobox gene control (Gross et al. 2002) .
C. Understand how the properties of cutaneous afferent evoked spike activity in the dorsal horn evoked by electrical or natural stimulation alter with development (Fitzgerald and Jennings 1999; Bardoni 2000; Torsney and Fitzgerald 2002; Baccei et al. 2003) and how afferent terminal reorganization may influence these physiological responses (Park et al. 1999; Beggs et al. 2002) . Be aware that A-fiber activity produces sensitization and c-fos activation in the neonatal but not the adult dorsal horn Fitzgerald 1996, 1998) . Understand that while C-fiber-evoked responses are present from birth, they mature over the postnatal period Baccei et al. 2003) .
Understand that convergence of responses in dorsal horn cells increases and that the size of the peripheral cutaneous receptive field of dorsal horn cells decreases with age Jennings 1999, Torsney and .
D. Know that some inhibitory mechanisms in the dorsal horn are immature at birth and that descending inhibition does not begin to become functionally effective until postnatal day 10 in the rat (Fitzgerald and Koltzenburg 1986; Boucher et al. 1998; van Praag and Frenk 1991) . Understand how this delayed inhibitory maturation might influence central pain processing (Fitzgerald 1999 ).
E. Be aware that many neurotransmitter receptor systems involved in pain pathways are developmentally regulated (Fitzgerald 1997; Alvares and Fitzgerald 1999; Bardoni 2000) . Know that spinal cord NMDA receptors change their expression pattern, affinity for NMDA, and subunit composition during spinal cord development. Understand that "silent synapses" are found in the immature dorsal horn. These are NMDA-only synapses with limited function at resting membrane potentials; they disappear with age with the onset of colocalization of AMPA and NMDA receptors (Baba et al. 2001) . Be aware that expression and distribution of dorsal horn neuropeptide receptors, including NK1 receptors, changes over the postnatal period (Kar and Quirion 1995) . Know that dorsal horn GABA receptors undergo considerable postnatal alterations, switching from depolarizing to hyperpolarizing effects (Reichling et al. 1994; Ben-Ari 2002) and shifting their co-release properties with glycine (Keller et al. 2001 ).
IV. Development of nociceptive connections in higher centers
A. Know the pattern and timing of growth of axon projections to the thalamus in rodents and humans (Bicknell and Beal 1984; Fitzgerald 1999) . Understand that many neonatal thalamocortical synapses are silent, consisting of NMDA receptors only, and are converted to functional synapses (NMDA and AMPA receptors) by activity-dependent mechanisms at days 8-9 (Isaac et al. 1997 ).
B. Understand that cortical synaptic circuitry develops rapidly in the second postnatal week (O' Leary et al. 1994; Stern et al. 2001) . Know that neonatal somatosensory cortical cells have larger receptive fields than adults and that evoked potentials from the forepaw in the rat somatosensory cortex are not mature until 2 weeks.
C. Understand that the development of neural circuits is influenced by sensory experience during restricted critical periods early in life and that this phenomenon is especially evident in the developing cortex (O'Leary et al. 1994; Fox 2002; Kaas and Catania 2002) . Understand that the delayed maturation of inhibitory processes, occurring several weeks after excitatory connections, may be a general pattern in the developing brain.
D. Be aware of how little we know of the developing cortex in relation to pain and of the development of attention, memory, and cognitive factors in relation to the perception of pain in infants and children (Anand and Carr 1989; Fitzgerald 1999) . Understand that analogous to the experience-driven development of sensory systems, the functional maturation of limbic circuits is significantly influenced by early socio-emotional experience, which will also affect pain perception (Pryce et al. 2002) .
V. Mechanisms of persistent pain in infants
A. Understand that the mechanisms of chronic inflammatory and neuropathic pain in infancy and childhood will be superimposed upon a nervous system that is still immature and where sensory pathways are still undergoing synaptogenesis and tuning of connections, as described above (Fitzgerald and Beggs 2001; Fitzgerald and Howard 2003) .
B. Be aware of the value of studying immature animal models of persistent inflammatory pain. Know that behavioral studies suggest that inflammatory hyperalgesia is less pronounced in young animals (Jiang and Gebhart 1998; Marsh et al. 1999) . Understand the underlying developmental neurobiology of central sensitization and recognize that the ability of dorsal horn cells to display enlargement of receptive fields, increased spontaneous activity, and enhanced responses to mechanical, thermal, and electrical stimulation differs in the newborn and adult cord .
C. Understand that the epidemiology of neuropathic pain in infants and children is not well understood (Olsson and Berde 1993; Anand and Birch 2002) . Be aware that the effects of nerve injury differ in neonates and adults. Know that peripheral nerve injury during a critical neonatal period causes extensive death of axotomized DRG cells, which can be temporarily prevented by access to neurotrophins (Alvares and Fitzgerald 1999; Ernfors 2001) , and has been linked with low levels of heat shock proteins, such as Hsp27 (Lewis et al. 1999 ).
D. Understand that neonatal axotomy also results in substantial alterations within the spinal cord, such as withdrawal of the central terminals of damaged axons and sprouting of adjacent, intact axon collaterals into the denervated region (Fitzgerald 1999) , which disrupts the somatotopic organization of central terminals within the dorsal horn (Shortland and Fitzgerald 1991) . Know that the resulting rearrangement of connections in the developing rat nervous system is not confined to dorsal horn cells but is found in higher levels of the nervous system including the cortex (Kaas et al. 1983) . Understand that although this phenomenon could be a useful compensatory device to restore sensory input from an area of the body surface in which it has been lost, the effects may be detrimental and may trigger chronic pain.
VI. Long-term effects of neonatal pain
A. Know about the animal models in which tissue injury or repeated noxious stimuli applied in infancy lead to changes in later sensory behavior and spinal cord connections (Fitzgerald and Walker 2003) . Be aware that neonatal skin wounding leads to local sprouting of cutaneous sensory axons and a longlasting expansion of dorsal horn cell receptive fields (Torsney and Fitzgerald 2003) . Understand that while these neural changes may support reports of long-term effects of human infant pain, the complexity of these effects in humans and the need for careful design and interpretation have been emphasized (Grunau 2000 
